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thcsc  levels is consistent with the dominant c.ffect  being dcstructim  by d)lorine.  hmistry

[e.g., Solomon, 1990].  1 lowcvcr, it is apparent, especially at 465 K, that the decrease of

0 3 is slowcl at the tmginnillg  of this time pcrio(i when CIO is higkst  [Wtitm  ct al., this

issue], suggesting tht dynamiml cffcc(s mny counteract some of the photochemical

destruction  of’ 03.

lktwccn  740 K aI~(i 1300” K (: 15 to 2 hl)a), there is m imrcasing  tremd in 03 in tk

mlar vortex, as is also appmmt  ill renal means at 1 () and 5 Ill)d shown by 1 ‘ishbcin cl n].

this issue]. Tr:ijcclory  calcul:ltiom in a m(dd simul:ition  of this time period [liishcr ct

(il., this issue] show horizontal  partic]c motions in tk upper  stratosphere and mcsospkrc

tow:lrds the ccntcr of the vorkx,  and strong diahtic  descent  in the. mid and upper strato-

sphere.,  At latitudes inside the pol:~r  V(MC,X, vcr[ical gr:idimts of 03 :trc relatively mall

above,, aIId largu 1X.1OW :- 700 K. “1’he, direction  of ttlr. gradients imp]ics that 03 is tralIs-

porkd  to al] lcvds  below :~l>}~loxilll:itcly  1300” K hy this descent, A number of s(udics  of

03  tl”iillSl)ol”(  [C.~., 1<00(! and Schoebcl”]  1 983; Wll C.t al. 1 987; Ynl)g et al. ] 99]] s h o w

polcwnrd nnd downward transport  at thc,se, levels during winter and spring. II] the upl)er

Stl”iitoSJlllCl”f3, f3s  is gcn(mlly  :Illti-col”[cl:itc(l  w i t h  tcmpcl’aturc, simz 03 in the upper

Stl’ms])hcl”e  becomes Illol”c. sensitive to 1(w:I1  telll[)el:itlllc-( lc~lell(le.llt  l~l]oloctlclllistly,”

which hds shml time scales  comp:ird to those for tratlsport [e.g. l)crliski ct al., 1 989].

Since the tcmpcratum is immasins  in the upper stratosl)hc.re.  over the time studied, 03 is

e.xpcdcd  to dcmzlsc.. ‘Ibis chang,e  to IJllotoc:l}clllic:illy”  coIItrollcd”  l~chnvior  in the upper

slr:itosplm’c  is :tpparcnt  for Aug-SCp 1992 in the fl:lttming  out of the 03 trend in the

Up]m”most  IC’vcl  shown hcl’c.

At 5ti5 K and 655 K, l~igurr 1 sl~()~vsjcl:ttivcly  little.cl~:tl~g,eitl 03 (llll”it]gtl~istil~~c

lmriod.  Wite,lse tal. [tllisi  ssllc]s l~()wtl}fitt  llclc:l  rt:sigllific:ll)  tlyclev:ltc(lv:t  ltlcs()f C/C)

at 22 and 46 hl’a, near tksc lCVCIS, so other cffcds  must cxmpemsatc  for chemical 10SS of

0 3 . Since the vmlical  graciicnts of 03 bcmmc larger near these lcvds,  dowIIward  trans-

port likely plays  a significant  role here,
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];igure 2 S]](JWS a SCriCS of lllapS of @ and I’V at 520 K and ~()() K. Column  @

above.  100 h]% is also shown. Comparing values for 17 Aug and 17 .Scp shows the large,

0 3 dccrmse in the polar vortex at 52(I K, and the 03 incrcaw  al 960 K, as indicated in

I;ig. 1. “Ile other maps shown arc at 4 day intervals covering the time of the minor warnl-

ing. On 5 Sep, near the peak of the warming, a lnrgc.  tongue  of high 03 is transported

toward the pole near 1 40°1{ ]ongitu(ic,  and low 03 is drawn off the edge of the vortex.

‘1’ransporl  of low I’V values into the polar region is also apparent. lhring  this time, trav-

eling an(i stationary wave 1 components intensify, leading to this distortion of the vor(cx,

as described by Fishbein  et al. [this issue]. lJcss pronounccc]  transpml into the polar

regions is seen on other d:iys. CO IUII)II 03 shows a steady decrease in the polar regions,

mirroring that seen at 520 K. An increase in column (2? outside the vortex region is also

apparent, consistent with previous fin(iings on the seasonal variation of 03 [e.g., Yang et

al. 199 1], The distortion of the polar vortex during the period of strong planetary wave

activity is also apparent in column  03.

,Summary  and Conclusions

1 ‘igure 3 sunlnlnri7es  the net changes in 03 in tk southern  polar vortex in late win-

ter 19°2. Contours show the difference in 7onal  mean 03 between 16 Aug and 19 Sep

1992. q’he bold lines show the region of strong I’V gradients, wing  a contour of 7Jonal

nlcaJI  I’V scaled in “vorlicity  units” so that the range of PV values  is similar at all levels

[ Manney :Incl Zurek,  this issue], on 16 Aug (solid line) and 19 Sep (dashed line). 03

decreases in the polar  vortex between 420 K and 600” K dm mainly  to chemical  destruc-

tion. An overall decrease  in 03 is seen m far equatorward as 40° latitude, well outside

the polar vortex, and as high as 740 K at high ]atitudcs. “1’here is a broad region in the

mid to upper stratosphere where 03 incmasc.s, with largest increase Jvar 1100 K, where

horizontal transport of 03 during  a minor stratospheric w:irming appe:irs  10 play a role.

“1’hc planetary wave activity :issociatcd  with tlw warming is typical of the southern nliCi-
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strat(mphme  in late winter [ Mmney  et al., 1991 ]. Whilc quantitative estimates of trans-

port are beyond the scope of this letter, the results shown here are consistent with previ-

ous studies suggesting that poleward  and downwmi  transport plays  an important role in

the llli~l-str:ltosll}leric  increase  in 03.
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Figurc  Captions

Figure  1. Estil~~ates  (Jftl~e111assof03 and airinselected  layers of thepolarwwtex.  I’he

left column shows the massof  03 in avcllll~~~ebo~lt~ded  in the horizontal by aPV

contour defining the “edge” of the polar vortex, and in the vertical by two isentmpic

surfaces surrounding the labeled level that enclose a layer = 2-2.5 km thick, The

center column shows the mass of air in the same volume. The right column is the

quotient of the left and center columns with appropriate scaling to give average 03

volume  mixing ratio in that layer of the polar vortex. The PV contour used to define

the “edge” of the polar vortex at each level is given to the right of each row in units

2 -1 -1of10-5Knl  kg S . See text for further detfiils.

Figure 2. Synoptic maps of 03 and PV at 520 K and 960 K, and the 03 column above

1 ()() mb, at 12 Z on selected days, ~’he projection  is orthographic, with the Greem-

wich meridian toward the top of the page; 30° and 60° latitude circles are shown.

03 is in ppmv, PV in 10-5 2 -1 -1Kmkg S  , and column 03 in Dobson  Units.

Figure 3. Change in zonal mean 03 volume mixing ratio, and in the 7,01M1 metin repre-

sentation of the polar vortex, between 16 Aug and 19 Sep 1992. Red shows the

region of largest increase in 03 and purple the region of largest decrease. The heavy

solid line shows the position of the “zonal mean polar vortex” (see text) on 16 Aug,

and the heavy dashed line its position on 19 Sep 1992.
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